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Second-generat;onJm 

M. M. Reid, R. J. Millar, nTd. Black 

March 1997 ACM Computing Surveys (CSUR), Volume 29 issue l 




Full text available: f|iMfQZ23 MS) 



Additional Information: full citation , abstract , references , index tegns , 

review 

This article gives an overview of a diverse selection of currently used second-generation 
image coding techniques. These techniques have been grouped into similar categories in 
order to allow a direct comparison among the varying methods. An attempt has been made, 
where possible, to expand upon and clarify the details given by the original authors. The 
relative merits ans shortcomings of each of the techniques are compared and contrasted. 

Keywords: MRi, compression, image coding 



2 Progr^ 

Andrei Khodakovsky, Peter Schroder, Wim Sweldens 

July 2000 Proceedings of the 27th annual conference on Computer graphics and 
interactive techniques 

Full text available: 0MAj MB) Additional Information: lull Citation , abstract, citings , index terms 



We propose a new progressive compression scheme for arbitrary topology, highly detailed 
and densely sampled meshes arising from geometry scanning. We observe that meshes 
consist of three distinct components: geometry, parameter, and connectivity information. 
The latter two do not contribute to the reduction of error in a compression setting. Using 
semi-regular meshes, parameter and connectivity information can be virtually eliminated. 
Coupled with semi-regular wavelet transforms, zerotree c ... 

Keywords: compression algorithms, hierarchical representations, semi-regular meshes, 
signal processing, subdivision surfaces, wavelets, zerotree coding 



3 Progressive .compression 

Pierre Alliez, Mathieu Desbrun 

August 2001 Proceedings of the 28th annual conference on Computer graphics and 

interactive techniques 




Full text available: s-aft iQ. 06 MB) 



Additional Information: full citation, abstract, references, chinas, index 
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terms 
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Lossless transmission of 3D meshes is a very challenging and timely problem for many 
applications, ranging from collaborative design to engineering. Additionally, frequent delays 
in transmissions call for progressive transmission in order for the end user to receive useful 
successive refinements of the final mesh. In this paper, we present a novel, fully 
progressive encoding approach for lossless transmission of triangle meshes with a very fine 
granularity. A new valence-driven decimating con ... 

Keywords: connectivity encoding, geometry encoding, levels of details, mesh decimation, 
progressive transmission, triangle mesh compression 



4 Tetrahedrai mesh compression with the cut-border machine 

Stefan Gumhold, Stefan Guthe, Wolfgang StraBer 

October 1999 Proceedings of the conference on Visualization '99: celebrating ten years 

Full text available- pdf(2.5-5 MB) Additional Information: fall citation , a bstra ct, references, citing s, jodex 

^ ^ * • terms 

In recent years, substantial progress has been achieved in the area of volume visualization 
on irregular grids, which is mainly based on tetrahedrai meshes. Even moderately fine 
tetrahedrai meshes consume several mega-bytes of storage. For archivation and 
transmission compression algorithms are essential. In scientific applications lossless 
compression schemes are of primary interest. This paper introduces a new lossless 
compression scheme for the connectivity of tetrahedrai meshes. Our tec ... 

Keywords: compression algorithms, scientific visualization, solid modeling, volume 
rendering 




5 Session _P1& 

Gabriel Taubin 

October 2002 Proceedings of the conference on Visualization '02 

Full text available- HI od U 561 66 KB) Additional Information: Mi citation , abstract , references , citings, index 

In this paper we introduce a new and simple algorithm to compress isosurface data. This is 
the data extracted by isosurface algorithms from scalar functions defined on volume grids, 
and used to generate polygon meshes or alternative representations. In this algorithm the 
mesh connectivity and a substantial proportion of the geometric information are encoded to 
a fraction of a bit per Marching Cubes vertex with a context based arithmetic coder closely 
related to the JBIG binary image compression ... 

Keywords: 3D geometry compression, algorithms, graphics 




6 Progressive lossless compression of arbitrary simpliciai complexes 

Pierre-Marie Gandoin, Olivier Devillers 

July 2002 ACM Transactions on Graphics (TOG) , Proceedings of the 29th annual 

conference on Computer graphics and interactive techniques, volume 21 issue 3 

Full text available: « odff8.88 MB; Additional Information: Miction, &msL references, oiling, .index 

Efficient algorithms for compressing geometric data have been widely developed in the 
recent years, but they are mainly designed for closed polyhedral surfaces which are 
manifold or "nearly manifold". We propose here a progressive geometry compression 
scheme which can handle manifold models as well as "triangle soups" and 3D tetrahedrai 
meshes. The method is lossless when the decompression is complete which is extremely 
important in some domains such as medical or finite element. Wh ... 
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Keywords: coding, interactivity, mesh compression, non manifold meshes, progressivity 
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7 fieomeirjc^ 

Gabriel Taubin, Jarek Rossignac 

April 1998 ACM Transactions on Graphics (TOG), volume 17 Issue 2 

Full text available: ff j pdffB 58 MR) Additional Information: fulj. citation, sb^rect, reference^ cffinga iadex 

The abundance and importance of complex 3-D data bases In major industry segments, the 
affordability of interactive 3-D rendering for office and consumer use, and the exploitation 
of the Internet to distribute and share 3-D data have intensified the need for an effective 3- 
D geometric compression technique that would significantly reduce the time required to 
transmit 3-D models over digital communication channels, and the amount of memory or 
disk space required to store the models. Because ... 

Keywords: 3D mesh compression, VRML, geometry compression 




Linear-time compr ession of bounded-genus graphs into informafion-theoretloaiiy 

Hsueh-I Lu 

January 2002 Proceedings of the thirteenth annual ACM-SIAM symposium on Discrete 

algorithms 

Full text available: fj ) pdf(2i7.75 KB) Additional Information: Mi citation , a.Sstraot . references , citings 




This extended abstract summarizes a new result for the graph compression problem, 
addressing how to compress a graph G into a binary string Z with the requirement that Z 
can be decoded to recover G. Graph compression finds important applications in 3D model 
compression of Computer Graphics [12, 17-20] and compact routing table of Computer 
Networks [7]. For brevity, let a \D-graph stand for a graph with property j ... 

Session PI 2: meshes: Efficient compression and renderinq of multi-resolution meshes 

Zachi Kami, Alexander Bogomjakov, Craig Gotsman 
October 2002 Proceedings of the conference on Visualization "02 

Full text available: 'gj p*:Sf(3.G2 MB) Additional Information: Ml citation , abstract ro&rences , citings; 




We present a method to code the multiresolution structure of a 3D triangle mesh in a 
manner that allows progressive decoding and efficient rendering at a client machine. The 
code is based on a special ordering of the mesh vertices which has good locality and 
continuity properties, inducing a natural multiresolution structure. This ordering also 
incorporates information allowing efficient rendering of the mesh at all resolutions using the 
contemporary vertex buffer mechanism. The performance of o ... 

Keywords: geometry coding, progressive compression, rendering, wavelets 



10 Poster Sessio n: Edgebr eaker: a simple comp ression for surfaces with handles 

Helio Lopes, Geovan Tavares, Jarek Rossignac, Andrzej Szymczak, Alia Safanova 
June 2002 Proceedings of the seventh ACM symposium on Solid modeling and 
applications 

Full text available- H t>df(S61.19 KB} Additional Information: Mi.dtation, abstract, referees, Citings, index 

' ' terras 

The Edgebreaker is an efficient scheme for compressing triangulated surfaces. A 
surprisingly simple implementation of Edgebreaker has been proposed for surfaces 



http://ponal.acm.org/results.cfm?coll=ACM&dl=ACM 11/5/04 



CO 

00 

"Cn 



s 

-tn- 

2 

* — > 

8. 

CO 
CD 

Oi 
.CL 



-a 



5 "O CO 

2 O "o 
I, > 
H l-i H 
O "S " * 
co O c 
-* CO 

2 ± 

3 ^ 

<: c 

rn ca 



-•••■••■■■■••■■■•••■I 

cn o 

s5 



Co 



»>■-»••■•■■■■■■••■■■■ 



■ •■•••■■■IMIIXIMI'" 



"do" 



NJ 
00 
CO 



co 



-to- 

CO 



CO 

fD 

QJ 



"O 

"8 



S m cz 

5 ^ CO 

2 O "o 

I > 

H • — I 

O *P ^ * 

□o O c 
CO 

2 -o 
53 ^ 

Is 

m cn 

^ - 

•«»•■••■■■•*••#■••••••. 

t-L NJ 

o 



o 

CO 

•««<■■•■•■>■■■■■■>■■> 



CD 



CO 



8. 

CO 
fD 
-tO- 



to 



-to- 
CO 



3 

QJ 

to 

QJ 



© 

QJ 

CL 

A 

NJ 

O 

O 



NJ 

3 



co -o cn 
2 o "o 
> ■ > 

H H 

SSc 

-• to 

2 -o 

S3 ^ 

m co 



■•■■■•••■ ■•••••••■••■ 

NJ 

cn O 



o 

CO 



•*>•■•*■•••■•*•■■**•• 



DO 



cn 



8. 
& 

CO 

3 

8 

-to- 
co 

3 

QJ 
CO 
0) 



i- 1 
CO 



rn 



3 3! 

— I ^ q 

D5 N ' 
co O c 

CO 

$ c 

rn co 



■■■■■■■■■•••••■■■■■•••. 

NJ 

cn o 

Lo 2 
cn 4* 



o 

co 

■•*••■••••■■•••••••■•■ 



: 



• •••••■>■••••*•■■•*•«»•■*■■•■••••••••••■«■■■ 



CD 
CO 

'lo' 



& 

co 
to 



CO 



-to- 
co 

QJ 

cx 



3 

QJ 
ID 
fD 



S m c 
5 -g co 
2 O "o 

I, > 
— i * — • — I 



CO 



CO 

rn X 
| £ 

m co 



•■>•••■■••••• ■ ■•*«•••• 
H* NJ 

cn o 

Lo g 
cn -^r 



co 



••^•■^•(■••^•••■■•>x* 



CO 
DO 



8. 

CO 
fD 



CO 



3 

CO 

8. 

CO 
fD 

-t/V 

CO 
QJ 

-a 

-to- 
co 



2 

— I 

CO 

3 

QJ 
CO 

fD 



^ rn c 

5 -a co 

2 O "o 

I > 

H ^ H 

co O c 

CO 

Is 

m oo 



••♦••■•It •••!••■ !■••«• 

I-* NJ 

cn o 

NJ g 



CO 



»•>-•»»•*-*••••*■•••* 



ii'm i 



CO 

3 



3 q ^ 
qj ,y- ro 

3 co 

I* 

CD -to- 

a s 

-to- 3 
co -6 

8 a 

Q. co 
-CO- -t*- 
CO CO 

n ^ 
o 3 

CO 



co rp 
-t*- o. 
CO co 
' fD 

s - 

qj 

3 CO 

Lo 



g m t. 

2 CO TJ 

I , > 

H <— « H 

co O c 

CO 

§ c 

rn co 



••»••■ •••••• !•■*••« •••> 

h-«- NJ 
cn o 



co 



CO 

"oo" 



ro 

NJ 

CO 
CO 



I 

co 

CJ 

2 

UJ 

8. 

CO 
fD 



a- 

5 



cn 
"oo" 



cn 
cn 
co 



fD 
n 

CO 

i. 

-to- 
co 

n 
O 

3 

13 

CO 

-w> 

CO 

s 

§ 

3 

O 

o 

-to- 
co 

CO 

3" 

QJ 
CO 
fD 



••••••a- > ■ •♦•* • I 



00 

I . 



rn 

S 



S3 

»» • 

D 
rn 

I 

rn 



111 

-•id 

C ! DO 

CO ; 

I ; 

cT^i 

"c = 

C! 

D3i 
^ * 

■ 

i 



•••••••••* •«••»» 

rn c 

73 co 

O 5 

^ — I 

^ "O 

rn oo 



••••••■■ ■ ■■■»•••••■•••■•••■•••■■•••••«•>••• ••! 

M- NJ I K M 
O i O 



O ! 
CO i 



o 

CO 



■ •••■■•^■■■•■••••■■»*«--*»«*a 



! 



• •^••••••••'•IMItti 



oo 



NJ 



8. a? 

CO 2 
fD O 

^8. 

CO 

n 

a 

-CO- 
CO 

8 

3 
■o 

I 

CO 

-to- 
co 



2 

Or 

a 

CO 
fD 

QJ 
Q. 



QJ 

CO 
Z5 

2 



••■■•■■■••*■•*•••••••• 

g m c 

s o 
i > 

H v-j H 

03 O C 
CO 

2 -b 
rn oo 



■■■■■■■■■■*■■>••*• 

h* ro 
-P> o 

j- 1 



CO 



• •••••••••••••■•■•■n- 



!•■■■•■■■■■■ 



•■•■••■■••••••■■I*** 



Co 



CO 



cn 
co 
co 
cn 



QJ 

a 

CO 
3 

2 

—i 

CO 

' — s 

8. 

CO 
fD 



OO 



CO 



-s. o ^ 



oo 



CO 

m ^ 
| ? 

m co 



•••••••••••••••••••«• • 

h-^ NO 
-J> O 

^^^^^ 



CO 



NJ 

"co" 



CO 
NJ 
CO 
NJ 

?D 

I 

-t^v 
co 

a 

-co- 
co 

8 

3 

"D 



CO 

co 

Lo 

a 

co 

fD 



<•••••••*■•■ ■*« « 



5 7^ CO 
2 O p 

H uH 

oo CJ c 
co 

2 -o 

Is 

rn oo 



••■■«•«<•■•*•••*•••• 

I— 1 NJ 
4^ O 

NJ \ 



S 



••■•••>«. , 



00 



NJ 

cn 



fD 

' 3 

n 

a 

-tO- 
CO 

-to- 
co 

n 
O 

3 

9 

co 
-to- 
co 

V — ' 

s 

a 

to 

fD 
3 

2 

— t 

CO 



fD 



CO 



QJ 

"t^l' 
CO 



rn c 

133 

2 t> 

rn co 
— I 



»■••••*** •*■■■■■■■ 

t-^ NJ 
O 

Lo £ 

CD -^t 



O 

CO 



fD 



cr 



s 



CD 



00 —I 

1 3 



3 P 

IA (D O 

a 3 



(0 ^ — 



o 

3 a 



VI 



rn 
o 



O 

N 

o 
o 



ro 


ro 


ro 


ro 
lo 


ro 
ro 


ro 
i— ^ 


ro ! 
o 




00 




cn 


Ln 


% 


CO 

55 ! 


CO 

3 


R ! 


CD 

51 


CO 

j 


CO 

55 


CO 


CO 

3 


CO . 

s i 


CO 

3 


CO 

S ! 


CO 


CP 

3 




00 

*o 


ro 

• 


00 co 
oo ; Ln 
cn oo 




00 


ro 
u> 


ro 
co 


£ 


00 


00 


CO 



S m c 

IS Si 

o -a >• 
co o c 

to 

5 C 

rn co 
^ •* ■ 



•••«•**•••••■ if •■■••■•I 
J-L fSJ 

-t* o 



j(smooth$3) 


' s 

<n 

3 

i 

CO 

* — ' 


with 


with 


(weighte 


(weighte 


d adi 


d ad] 






sum) v 


sum) 


<: 




r-r 




ir rnasl" 











r — > 

to 

fD 

8 

-i 

CO 

in 

3 

8 

S* 

CO 
/ — s 

% 

zr 

55" 

a 

QJ 



in 
c 

3 



5 ^ on 

H v_i — |; 

*2 ■ 

co O C! 

CO! 

2 ^ ! 

S3 ^ 

<: CZI 

rn co j 



l_: rn _ 

a -o- 

od O c 



a -p-- 

co O c 

— to 

rn o 

€ C 
rn co 



h-* ro : 

ro o • 
ro£ j 



t-^ ro 
ro o 

fo 2 

en 



£ 



Co 

3 

QJ 



ft) 

Co 

OJ 
£. 

c 
3 



3> 
ff 

■a 

CO 

3 

a; 

in 

^ — > 
10" 
Co 

2 

a 

'in > 
c 

3 

$ 

3 

IQ 
fD 



5 ^ co: 5 ^ co 
2 O -oi,2 O -o 
I >M - - > 

O 5 N, iO "£ * • 

co O ci co O c 
CO; CO 

Oi • n 1 

5 5 5 CD 

Sci S c 

m co! rn co 



■ 

■■■«■■■■■■ 

h-^ ro ! >— 1 ro 

ro o : ro o 

ro s i 2 

£ ! £ 



•V • ♦ * ' • • ■+ w m m m w m m m ■ ■ mm » m W * » ■ ■ 



3 
m 
in 
ro 

v> 

3 

0) 

'en' 
IT 
QJ 

CO 

in 

3 



Co 

if 



— T 

ft) 
< 

<o 
co 



■ •••••»»••*>• I I MI.I.H 

5 3 CO 

, 2 ° ^ 

H u-i H 
oo O c 

CO 

m ^ 

rn ci 
*j*> ^» • 

H 



ro 
ro o 



r*«H>« •*••»«■ 



QJ ^ 
O < 

o < 

in" 
3 

s 

QJ 
.CL 



3 

QJ 
T3 

n 
o 

< 



Si 

o' 
3 



QJ 

a. 

© 

QJ 
CL 

A 
ro 
o 
o 



ro 
o 
*o 



>*••«• ••»»•••• ••■>••••• 

S rn c 

3 3 co 

83c 

CO 

rn S 

§ c 
m co 

H 



■■■■■••••■■■■■■■■■■■■I 

ro 
co o 

co 



o 

CO 



■>■••*••*••*■ •*•*»»•««• 



10 

< — » 
Q. 

in" 

sr 

n 

QJ 

a. 



3 

QJ 
T3 

n 
o 

o' 

3 



QJ 

© 

QJ 

CL 

A 

ro 
o 
o 

I— * 

I— »• 

ro 
o 



MllllltHIIIII 



CO 



CO 



rn 

^ S :p 

co 
rn ^ 

rn co 
z - • 

■■■■■ ■■>••■■■■•■• 

ro 
co o 

^ 2 



CO 



o 

CO 



2L 

ro 
5 



CL 

in 
ST 

8 

QJ 
.CL 



3 

QJ 



o" 
3 



HI 

tzi m c 
3 -o CO 
2 O 13 

CO 

8* 

§ c 

rn co 



ro 
co o 

io 2 



o 

CO 



a 

IQ 

n n 

Q_ 
in" 

sr 

s 

2 

CO 

3 s 

QJ 
T3 

n 
o 

3 



S m c 

IS 3 

I *• • j> 
H u H 

O a 



CO 



CO 

2 i 

5 CD 

5 CZ 
rn co 



ro 
co o 

w 2 



O 

co 



o' 3 



8" 5 

its 

co ^ 

cd -* 

Co 
^->> 
QJ 

v9: 
QJ 

n 



s 



n 

a 

ft) 



m rn C 

co g c 

CO 

2 -b 

§ CZ 

m co 



i—*' ro 
co o 

co 2 
00 4t 



o 

co 



3" 3 



^ <o 
O) co 

CL S 

©co 

Q> CO 
CL * — < 

A S 

H-» QJ 

ro * — 
o ^ 



T3 

ft) 



'q? 

Qj' 

n 
fD 

3 
r-l- 

fO 
IO* 

I 

-a 
CO 



CD 



I 



rn 

s 



D 

co 



C 

CO 

5 



CO 

2 ^ 
< CZ 

rn co 

^ * 

■• ■ • ••■•••*«••*••< 

h-^ ro 

co o 

co 2 



o 

CO 



I 



ill - ! •iimiiiiiiAi 



3 8 

^ -to- 
co 

3 

8 

-1 

CO 

a 

10 
ft) 

QJ 

.CL 



8" 



QJ 

n 



3 

fD 

to' 

CO 



co 



CZ 

,2 SIS 

CD O C 

CO 
I 

G) 

rn co 



O 
m 
73 



tiiitiifttaifuiitkin 

ro 
co o 

lo g 

CO 



o 

Co 



1 



x 



if 



H 

fD 

ft 



00 



3 i 



3 n 

W ft) o 

_3J_ 



o 3. 5 1 ? 



rn 

3 3 



* 



co 



CD 



Co 



CL f& 

A 3 

ro £5: 
o < 
o fi> 

h-i. ro 
ro < 
o < 

^ 5 

3 

c$" 

3 

n' 

LO 

a 

g. 

(D' 
3 



CO 

3 

CD 
cn 

QJ 



CD 



H 

a 

CD 



rn c 

c_l —J 

co 
H -b 

3 CD 



m cd 



CTi O 



MtMllllli»» a >(I 



to 

00 



CD 



Co 
U3 



CD 

Eu 

9 

ro 

-cv 
ro 

§ 
3 



N 
C/1 

a 

Q. 

a> 



cn 

3 

ro 

(A 
-Q 

c 

s 



h m c 
H Ig H 

CD O C 

to 

< cz 
m op 



KJ- (SJ 

a\ o 



2 



UJ 



CD 

55 



OJ 
CTi 



a 

sir. 

$ 

ro 
:§ 

3 



IM 

on 
to 

CL) 
CL 



5 co 
0 5 
H v-i — I 



CD 



2 XT 

S3 S 

< cz 

m co 



I— L NJ 

cn o 



2 



CO 
cn 



CD 



s 

I 

CD 

ro 



cn 

■ct 
§ 



QJ 
CL 

A 

ro 
o 
o 
1— 1 
I-* 
ro 
o 



5 Co 
t 2 0 5 
H <— » H 

cd O c 

CO 

2 -b 
^ -o 

CD 



i-^ ro 

cn o 

* 2 



2 



cn 



CD 



c£> 



cd 

a 

I 

-to- 
ro 

cn 

I— »■ 

o 



[=! rn c 

5 LO 
Z O TJ 

'-nil 5j 



CD 



CO 

1 3 

rn 03 



II (•l«ltlllllM 

ro 
cn o 

* 2 



2 



• Mllltl B ft a 



CO 



CD 

ro' 



c 

QJ 

s 

-fa* 
ro 

:> 
cn 

■a 

t— »■ 
Cl 

R 

n 

CD 
D 
1— t- 



© 

QJ 

Cl 

A 
ro 
o 
o 



ro 
o 
cn 



CO 



rn c 

SCO 

— I ^ — I 

CD O C 

CO 

2 "b 

€ C 

rn co 



ro 
cn o 

v5 



2 



CO 
CO 



CD 



ro 
co 



c 

QJ 

a 

ro 

u 

Cl 

0) 

o 



CO 

ro 



CO 



CO 



N 

-te- 
en 



f 

"8 

o. 

OS 

n 



S m c 

CO -u CO 
. 2 ° 5 

— I ^ H 

rj T3 s * 

CD O C 

CO 

33 S 

S cz 
rn co 

3- 



ro 
cn o 

ch 2 

co <tr 



2 



cd U r 

CO 

5 c 

rn co 



■••*•***<«•»••*•«••••«. 

h-»- ro 
cn o 

'co 2 



2 



CO 
CD 



f 



CL 

R 

n 



S 

■Gt 

I— L 

cn 
JD 
C 



a ^ 

CD o c 

CO 

< c 
rn cd 



<*p«l*a««*ia*l »••*•••*• 

ro 

-J> o 

ji 2 



2 



CO 

o 
co 



cn 
ho 



s 

CO 

-a 

I— »■ 
to 

cz 

o3 



5 13 CO 

, 2 0 32 
H <— ■ H 

co O c 

CO 



rn co 



o 

I* 2 

cn <^ 



2 



•••••••• ■>•*•••«• 



ro 
to 



CO 



ro 



cn 

I 

CL 

n 
ro 

Z3 



m rn tz 
co -n to 



! " 5 

— I 1 1 — j 

co O c 

2 "D 

rn co 

3- 



1-^ ro 
-t> o 

^ 2 

cn ^ 



2 



ro 
co 



co 



^ rn c 

CO -g to 
i 2 0 3 

co 

< c 

rn co 



h-^ ro 

cn o 

Lo 2 
cn <r 



2 



ro 



CD 



S 

cn 

»— 1 

cn 

s 



cn 

■s 

Cl 

Ot 
S 

13 



i 3 0 5 

H u H 



CD 



C 

■ CO 
CO 



»-»• ro 
o 

^ 2 

cn 



2 



5 



cr 



CO 

s 



O 

(A 



3 Q 

« m o 

rr J 



O 3 O 

= 5 3, 



pn 



rn 

* 3 



It 



O 
cn 

NJ 

o 
o 



m 

> 

in 

H 

< 
fD 
n 



Ln 
o 








CTv 


Ul 


i 


lo 


4^ 
NJ 


4- 


o 




BRS | 


DO 


CD 

! 3 


CD 

Si 


CD 


CD 




CD 


CD 

| 8 


CO 

j S 


CD 

| B 


H 


1436 ! 


3 


CT> 


O 


LO 
NJ 


NJ 






Ln 




1 2 





LO 

lo 
oo 

> ■ 

CO 
LTI 
CO 

NJ 
CTi 



OJ 

Ln 
NJ 

£ 

O 

00 

NJ 
O 
LO 

h 
n 

if) 



" m t_ 

5 s w 

H u H 

CD O C 

2 -o 

Is 

m cd 



h-^ NJ 
Cn O 

Ln 



o 

Ln 



LO 
CO 
NJ 

J— *■ 

cn 
cn 



UJ 
VD 

NJ 
LO 
NJ 

NJ 
LO 

LO 

-> 

NJ 

LO 

NJ 
Ln 

NJ 

cn 

L0 
NJ 

NJ 

cn 

NJ 

■ 

n 

in 



LllMtll><ltlltll>>M> 

h m c 

i 2 0 5 
H u H 
O 12 s " 

CD O C 

LO 

2 i 
S3 ^ 

< c 

m cd 

-s - 



I-*- NJ 

Ln o 



o 

Ln 



CL 

CO' 
3 

QJ 



3 
•o 

n 
o 

i 



s 

fD 

v > 

Hi 
3 

© 
QJ 
CL 
A 
NJ 
O 
O 



NJ 
O 

cn 



a m c 

5 -O LO 

'-Til 5 



CD 



■ LO 

2 i 

rn o5 



I-* NJ 
LO O 

~ £ 

LO -^T 



O 

Ln 



ST 

s 

CL 



3 

8 

-a 



s 

to 



*•••.••*•« 



S rn c 

5 ^ LO 

3 O id 

H ^-j — i 

CD O C 

LO 

2 3? 

S3 S 

< C 

m cd 



»-»■ NJ 
LO O 

- 2 

lo <r 



o 

Ln 



- ♦ • . *♦* • * 



Q. 
In 

I? 

8 
S 

cL 

■3 

OJ 
X3 

n 
o 

< 

a 

fD 



1 •* 1 > ■ 1 ■ ■ ■ 



L. 5 

O -o - ■ 
O C 

^" LO 

2 i 

rn cd 



h-^ NJ 
LO O 

^ 2 

NJ -<t 



O 

Ln 



•••» ««tri - . . » » 



3 

2 

3 

2 
G 

oS 

ft 

3 

L0 
» — ^ 

S- 
& 



3 
2 

3 

K 

3) 

LO 



ItltllllillllMMMM 



J=J m c. - m • • 

3 8 sells 



"5 

—I H : 

CD p C! 



2 i j 

rn cd j 

H 1 



C 

LO 

Li 5 

co O c 

L0 

§ c 

m oo 

— I 



•itii»iitmii«iin ■ • •*•****• ■•■••« t*m**i 



H* NJ i 

Co o ; 

^2 ! 



NJ 
NJ O 

Lo g 

NJ <T 



O 

Ln 



t«nkn 



O 

j Ln 



■ »*tt«ii«iiiiii»t^ t ii 



■ lllM>«M<lt<t» 



il'lliii 



3 
O 

tn* 



CO 



QJ 

Ln 

< — s 

fD 

3-- 

2 

a 

V) 

3 

1 

CO 



14 «M »*» ..M.itim.n 

m 

ro ^ ^ 



I,-- > 

H 1^ H 

CD O C 

1 1 

rn cd 



J— *■ NJ 
NJ O 

2 

CO ^ 



o 
Ln 



o 
n> 

QJ 

^9. 



fD 

3 

LO 



QJ 
Ln 

fD 

QJ 

v CL 

CL 

fD 
ST 

S 

LO 



ro -o Co 
1 2 O S 

j u H 
O ^ 

CD O C 

LO 

rn o 

S c 

rn co 



■ ••••*»ftft4»ftft**>** B *" B 

h- * NJ 



Ln 



2 



O 
LTI 



g 

cn" 
fD 

I 

CO 



s 

CO 



Ln 

a 

cQ 
fD 

QJ 
CL 



CL 

CO 



S £3! c 
ro -5 lo 

0 5 
H u H 

rope 

LO 

8* 

•S c 

rn cd 



NJ 
h-^ O 

Ln 2 



o 
Ln 



Kmc 

ro "pj co 

0 3 
1, > 

— I Cj H 

CD O C 

CO 

rn cd 



h"» NJ 
O 

cn 2 



o 

Ln 



2 

n 



ro 



D 

09 



ST J 
3 fD 



3 n 

w rt» o 

a 3 



o 3, P -1 ? 
3 g Si 5 
m 

3 i 



cd 
cd 

fl> 

CD 
CD 
CD 

* 

O 

CO 

cd 

cd 
P) 

rt 
O 

tr 

~t 

cd 

c« 
C 



TJ 

c 

CD 

3- 

7 

o 
o 

3 

"O 
rt 

CD 

o' 

3 

+ 

O 

o 

CD 

, — i 

II 

Rp 
o 

T 

CO 

p 

RP 

_Q 
C 
CD 

«3 

K> 

II 
CD 
CL 

CfQ 
CD 

fc> 

O 

o 
-o 

CD 
N> 

II 

O 

-a 

to 

II 

P 

Rp 



> 

cr 
co 

rt 
«■» 

QJ 

n 

rt 



o 

*Ti 

T! 
C 

T" 

a> 

x 
r-t 

(SJ 

7^ 
03 



rn 
m 
m 

n 



•>:■:■} 



f 



y? y 



ess 



So* 

.•:->:- 

— -i ,>w 

?T5 




QQQQ 



> 


30 


£0 
<« 


H 




V.v 

om 

i.J 









QJ 
CO 

fD 
CO 

• ■ 

ui 
co 



D 

QJ 
rt 

n 
o 

3 

3 

to 

CO 



n 

o 



fD IQ 

9- 



fD 
3 

n 
fD 



co 
co 

CD 
-1 

o 
o 

fD 
fD 
Q. 

3* 
CQ 

CO 

■ 

O 

n 
o 

cd 
CO 



NJ 

CO 
i 



qj 
-I 

n 



co 

CO 
CO 



fD rt 



2 3 

XJ fD 

3 S2. 

01 3 



O 

5 0) 

- w 

?! 

M ~ 

X o 

s? 

OL QJ 
rt (A 
3 W 

ft < 

rt < 
rt 

fl) rt 

rt ^ 

» ? 

a 
c 



> 

cr 

CO 



a 

m 

E. 

rt 
x 

rr 
CP 



m 
m 
m 

O 

z 



"0 


n 


QJ 


o 


CQ 




fD 




CO 


fD 


* • 


"i 


CaJ 


fD 






n 


1 


fD 




o 







fD s * 



O 

Z5 &) 



M 
i 

ro 

CO 



0) 
-I 

n 

NJ 
O 
O 
O 



o 

o • - 



5' 
n 

i' 



o ^3 

5:^ 0 



n 
o 

3 



CO 

NJ 
O 
O 
O 

■ 

-i 

O 

n 

fD 
fD 
Cl 

co 

CO 



3 
o 
o 



3 
10 

fil 

3 

a 

o 
o 

3 
■o 

rt 
(A 
(A 

HI 

o 

3 



fD 
-i 
3 
QJ 

o" 

3 
QJ 



0 0 



S3: O 



II 



rt 

(A 
C 

(A 
rt 



Q) 



QJ 

in 

0) 
N 

3' 

fD 



o 
z 

-n 



n 
o 

3 

fD 
-l 
fD 
3 

n 

fD 



(ft 
H 

a 



CO 

<-r 

Q) 

3 

Cl 

QJ 





QJ 




"a 


^^■;v fD 


QJ 


QJ 


CQ 


■mm -i 

:;:3^;: o 


fD 
>» 




CO 




'"^^ fD 


o 


X 




T3 


fD 


fD 


Cl 


ssi 


by 


o 




3 






rt 


o 


' —\ 


rt 


fD 


< 




QJ 


term 


nee 


CO 


3 



QJ 




a 



■!vi ; :%:;:c£:o-i»: 

::-::;: : ::: : ::fi,:>.::((K 

;;>:;.:;i:i : ;i5:iSi:5 



^:::v 4 : 
S5- ■■■ 



??? 



05^ 



■■■•i 





cyi 
O 



o 

4^ 



pr 

■§ 



cd 

CD 

X 

o 

-1 
CD 



w 



o 



go 

CD 
fa 

o 

PT 

c 

l—f 
on 



CD 
CD 
CD 

b 

on 

ft) 

05 
rt 

o 

5: 

oo 
CD 
P 



'-I 

cd 

C 



on 

•o 

c 

CD 

T 

o 
o 

3 

'-I 
CD 

on 

(— ' • 

O 
P 

+ 

on 
O 
O 
T3 
CD 

7 
£p 

o 
•a 

T 

Cu 

*P 
-Q 

C 

CD 

ca 

to 

li 

CD 
O- 
OQ 
CD 

£p 

on 
O 
O 
T3 
CD 
K> 

it 

Rp 
o 

K> 
II 
P 
P 



L/i 
o 

4^ 



> 

cr 
to 

rt 
rt 
CO 
D 



CD 



Li ^ 
-i o h 



to 
• • 

Ln 

I 



to 
I/) 
c 

CD 

• ■ 

NJ 



EL 

T" 

— i 

a>' 
x 



M "D 



CO 
tO 



10 

CO 
3 
Cl 

CO 

*< 
to 

rt 

CD 

3 

LO 



CD 
3 



4^ 
7s 

to 



m 
m 
m 



< 

CL 

CD 

O 

H 

CD 
O 

O 

o 
to 
< 

m 
m 
in 

— I 

3 
3 

to 

CO 

n 

rt 

* 

O 
3 



< 
O 

c 

3 

cd 



o 

fl> 

<A 
(A 

< 

Ml 

01 
ID 

m 

n 
o 
a 

HI 

3 

CO 



rt- 

rt 

CD 



a 

Tl 



"D O ^ 

cu 3 3 

<g . CU 
CD 

w 1—1 CD 

■ ■ 00 

Ln i -rj 

tD NJ rt 

Ln o O 

1 f CD 

to ,_. — ■ 



00 



CO Cu 



on 



cd 

s cd o 

^ CD 

rH n 

N - o 



3 



00 
A 

7s 
03 



m 
m 



> 



n 
cu 

r-l- 

mm « 

o 

CO 



CO 
00 
CD 



H 

MA ■ 



CD 
-i 
3 

CO 
rt- 

o 

n 
o 

3 

CD 
rt 
CD 
3 
O 
CD 



ID 

o 
o 

3 
■o 

-I 

fD 

(A 

O 
3 

ft 

o 



> 

n 



EL 

T 

CD^ 
X 



rn 
m 
m 

n 
z 



CD 

CD 
to 



3 

CO 



Ln o 

< 

M lo" 



§8 

CD 
C 

n. a 



Ln 
o 



o 

to 
o 

I— * S 

vo s ■ 

^ Co 



N 
CO 
rt 

•Ml A 

o 

3 



Ln 



O 



o 

CD 

cr 



a; 

3 

CD 

3 
■o 



o 

01 



3 

< 

fD 
(A 



fD $ ,S 



0) 



3 

CO 



LO 

O 
i 

LO 

o 

n 



to 
Ln 



m 5" 

^ 3 
C 

3 
cr 

3 

01 



3 

0) 

a 

CD 

n 
o 
in 

3 

Ml 

rt 
^■i 

O 

3 



> 

cr 
to 

rt- 
CO 

n 



T" 

■ 

X 



Ln 



rn 
m 
rn 

n 

z 



"D H 1 !> 
Co o 
IQ O 

CD 00 C 
to to 

- - m cr 

nj rn 

to rn lo 

^ rn - 

tn m [/) 

1 2."° 

CD 

^ ^ CD 

tO 3 o 
rj 3" 

00 X - 



Ln 



1 ° 

5 3! 
^ c 



o 

3 



o 


cu 


3 


3 


CU 


CL 


n 


if) 


o 


to" 




3 


— h 


CU 


CD 




- l 

CD 


■o 


3 


3 


n 


n 


CD 


CD 


o 


to 
to 


3 






3 




to 


< 




o 




C 


to 


3 


to 

00 


CD 


• 


■ m 


1 — 1 


Ln 


o 




> 




L0 


NJ 
i 


SP 


Ln 




00 


Z 


■ 




-a 




o 


I— 1 


n 




CD 






00 


Q. 




3 




to 




to 




O 




— h 




r+ 




3" 




CD 



Cu o 

Cu rt 

IQ 3" 

Cu fD 



01 

n 

rt 

SL 

n 
o 
a 

Ml 

3 

LO 



fD 

a 

ID 

(D 

fD 

(A 
rt 

O 

0) 
rt 

5' 
3 



> 

cr 
to 



cu 
n 



cu co 3 

CD CO 
CD 00 LQ 



T3 

a 

"Tl 
T| 

E_ 
~p 

CD 
X 

rt- 

LTI 
CO 
CO 

7^ 
CP 



CTi 

Ln 



CO 



rn 
m 

n 



> 

3 

cu_ 

to 
to" 

cu 



CD 
rt 
TJ 
rt 
CD 
rt- 

CU 
rt- 

MM » 

o 

3 



CO 
CO 
CO 



DO ^ 

5 c 

CD fD 

^ o 

5 -* 

IQ O 

0) 3 

?• fD 

^ n 



^3 



rn 
rn 
rn 

LO 

o 



5 

CD 
to 

rt 
CO 

3 

O 

to 

3 
o 



Ln 
i 

> 

"O 



J3 

C 

Q 
(A 



fD 

a 

fD 

(A 
fD 

< 
01 

o 

3 



0> 

n 

rt 
SL 

n 
o 
a 

fD 
n 
(A 



P 
fJQ 
CD 

K) 

o 



OJ o 

[Q 3 

CD CD 
W C 

o rn 

' fD 

ft 

o 
ft' 

CD 



OJ 

Ch 



rn 
rn 
rn 

H 
-i 

3 

CD 

o 



cd 
o 



< 

c 

3 

fD 

» * 

00 



CD 
CD 

c 

fD 



O 
< 



CD 



58 - 

°3 > 

Dtj -h 
r "« n> 

? Q. °- 

< 

§ w 

3 



5 



3 

0) 
IO 

fD 



(a 

rt 
O 

3 
rt 

5" 
3 



o 



a 
c 

n 

3 

IO 

o 

ft 
*■ 

fi) 



fil 
ft 



CD 
rt 
~1 
0) 

ft 

rr 



a 

T! 



H 

fD 

X 
rt 



NO 
O 

03 



m 
m 
m 



7 n 

Cu o 
IO 3 
fD cd 

w c 
m3 

M fD 

Ch -t 

fsj fD 

uj a 

o 

ft' 
cd 



rn 
rn 
rn 

— I 

"i 

OJ 
3 

CD 

OJ 
ft 

rt 

• 

o 

3 

CD 



is. ^ 
i 

a S 

Si 

is. a 

=r -r 

3 < 

fD rr 

^ 2. 
* o 

mm* 

3 

ID 

(A 
ft 

fD 

3 

fD 



< 1 

o -a 



3 

fD 

■ • 



ID 

CD 

c 

fD 



-n 

fD 

cr 



CD 
CO 
CO 



o 

IO 

fD 
(A 

<a 

Ml 

fD 

3 

IO 

fD 



0) 
3 

(A 

3 

w 

(A 
^■i 

O 

3 



!> 
icr 



ift 



TJ 

a 



— I 

fD 

x 

rt 



rn 
rn 
rn 



"0 »-»• 

QJ O 

fD 

. . CD 

i_l CD 



fD 



oo 

M f7 

cr 

o 
o 
o 



O CD 

ft o 
c ^ 
to 

CD ^ 

a to 

en cj 

fD to 
CD g 

< 0 



fD 
O 

H 

fD 
ft 



O 

CO 



to 
3 



3 ° 

fil ? 

in -* 

fl> o 

tu 

(A 
fD 

a 

fD 

a 

to. 

fD 

-i 

fD 
ft 
O 
3 

C 

ft 
rt 

5' 
3 



rn 
m 
m 

— I 

CD 

0J 

ft 
rt 

o" 

CD 



< 

2. 
c 

3 

fD 



o 
cr 

rr 
i 

3 

rt 
fD 

s 

< 
fD 

fD 
rr 
I 

ft 
O 

3 
■a 

3 

(A 
fD 

a 



> 

cr 

CD 
rt 

s * 

<4 oo 
oo 



H 

fD 
X 



on 



m 



to . . 

fD 

CD 



CD 
CD 
C 
fD 

* • 



n N 

a I 

a I 

onip 
^ O 
3 =r 

CD Qj 

cl H 

a-o 



2- N 

s ^ 

? => 

» — I N » 

rn 
rn 
rn 

— 1 
3 

3 

CD 

0) 

ft 

rt ■ 

o" 

3 

CD 



QJ > 

fD Q- 

rr E 

-i O 

fD ft 

"C X" 

W IO 

fD Ql 

3 — 

rt VO 

0) ft 

rt X 

5' S 

3 3" 

(A 3 



< 
O 

c 

3 

fD 



m 

n 
o 

3 
■o 

n 

fD 
(A 
(A 

fD 
Q. 

3' 

in 

ID 

fD 
(A 

C 

(A 

mm* 

3 

IO 

o 
< 

fD 

ft 
O 

3 
■a 

fD 
fD 



> 

cr 

CD 
rt 
~\ 

ft 
r+ 
—J 



D 

Tl 
E. 

T" 

— i 

fD" 
X 



on 
o 



m 
m 
m 



cu o 

IO 3 

fD CD 

CD C 

bb 3 

O fD 

-(^ i 

j rn 

oo 2 

»-t a 



5 
i 

•-3 rt 



3 to 

rn g 
rn 5 
rn 3 

H 

qj rr 

3 ^ 

CD s . 

OJ 

ft 

rt 

o' 

3 

CD 

O 
3 



< 
O 

c 
3 

fD 

on 



CD 
CD 

c 

fD 

• » 

OO 

> 

c 

CD 



VO 
CO 



fD o° 
(A ^ 
rt m 

5" a 

3 CD 

£U fD 
rt i 

3 fD 

O « 
rt fD 

(D 3 
IO 

a 



o 

(A 

ft 
o 



1 

fD 

ft 
rt 

ft 5' 

— 3. 

3 * 
a I" 

w c 

ST 



N 

01 
rt 

o 

3 

fD 
ft 

3 

C 
fD 



(A 
TO 

0) 



